
\'2.4½11 
[00'1184<oHJ 

ECF-HANFORD-12-0061 
Revision 0 

Groundwater Hydraulic Gradient and Velocity 
Calculations for 200 East Area RCRA Sites in 
2011 

Prepared for the U.S. Department of Energy 
Assistant Secretary for Environmental Management 

Contractor for the U.S. Department of Energy 
under Contract DE-AC06-08RL 14788 

CH2MHILL 
~ Plateau Remediation Company 

P.O. Box 1600 
Richland, Washington 99352 

Approved for Public Release; 
Further Dissemination Unllmltecl 

R MAR 2 3 2017 ~ 
E~'....;;:;,_-



ECF-HANFORD-12-0061 
Revision 0 

Groundwater Hydraulic Gradient and Velocity Calculations for 
200 East Area RCRA Sites in 2011 

Program/Project: S&GRP 

Date Published 
September 2013 

Prepared for the U.S. Department of Energy 
Assistant Secretary for Environmental Management 

Contractor for the U.S. Department of Energy 
under Contract DE-AC06-08RL 14788 

CH2MHILL 
~ Plateau Remediation Company 

P.O. Box 1600 
Richland, Washington 99352 

APPROVED 
By Julia Raymer at 2:56 pm, Oct 02, 2013 

Release Approval Date 

Approved for PubUc Release; 
Further Dissemination Unllmltecl 



TRADEMARK DISCLAIMER 
Reference herein to any spec1f1c commercial product, process, or service by 
tradename, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation , or favoring by the 
United States Government or any agency thereof or its contractors or 
subcontractors. 

This report has been reproduced from the best available copy. 

Printed in the United States of America 

ECF-HANFORD-12-0061 
Revision 0 



GROUNDWATER HYDRAULIC GRADIENT 
ECF-HANFORD-12-0061, AND VELOCITY CALCULATIONS FOR PAGE 1 OF 38 

REV. 0 200 EAST AREA RCRA SITES IN 2011 

CH2MHILL 
~ Platuu Remediation Compa ny Environmental Calculation Cover Page 

Part 1: Completed by the Responsible Manager 

Project: Soil and Groundwater Remediation Date: August 6, 2013 

Calculation Title & Description: Groundwater Hydraulic Gradient and Velocity Calculations 
for 200 East Area RCRA Sites in 2011 

Preparer: J.P. McDonald 

Checker: G.S. Thomas 

Senior Reviewer: M.J. Hartman 

Part 2: Completed by Preparer 

Calculation No.: ECF-HANFORD-12-0061 

Revision History: 

Basis of Qualification: Hydrogeologist 

Basis of Qualification: Hydrogeologist 

Basis of Qualification: Hydrogeologist 

Revision No.: O 

Revision No. Description Date Affected Pages 

Part 3: Document Review & Approval: 

Preparer: 

Checker: 

Senior Reviewer: 

Responsible 
Manager: 

M.J. Hartman 

NAME/POSITION 

SIGNATURE 

SIG 

?/1ftl1i 
DATE 

/1~"'' 
DATE 



ECF-HANFORD-12-0061 , GROUNDWATER HYDRAULIC GRADIENT 
AND VELOCITY CALCULATIONS FOR PAGE 2 OF 38 

REV. 0 
200 EAST AREA RCRA SITES IN 2011 

Contents 

1 Purpose ............................................................................................................................................... 3 

2 Background ........................................................................................................................................ 3 

3 Methodology ...................................................................................................................................... 4 

3.1 Trend-Surface Analyses .......... ...... ................. ................................ ....... ......... ...... ....... ....... ....... 4 

3.2 Statistical Test .......... ............. ........ ....... ... ... ... ............... .. ...... ... .. .. .......... ...... ............ ........ ... ....... 5 

3.3 Goodness of Fit .............. ......... ...... ................... ..................... .. ....... ....... .... ....... .... ........ ....... ...... 6 

3.4 Flow Rate Calculations .............. .... ........ : ..... ..... .... .................... ... ... .... .. ...... ................ ... ........... 7 

4 Assumptions and Inputs ................................................................................................................... 7 

S Software Applications ....................................................................................................................... 8 

6 Calculations ....................................................................................................................................... 8 

7 Results ................................................................................................................................................ 8 

7 .1 RCRA Sites in the Region of Low Hydraulic Gradient Magnitude .... ....... ........... ... .. .. .......... ... 8 

7.2 Other RCRA Sites .. .... ....... ......... ...... ...... ................... .............. ...... .. .. ...... ................ .. .. .. ..... ..... 14 

8 References ........................................................................................... ............................................. 15 

Appendices 

A Trend-Surface Analysis Spreadsheet ............................................................................................ 17 

B Trend-Surface Analyses ..................................................................................... ............................. 21 

C Flow Rate Calculations ................................................................................................................... 29 

D Hanford Information Systems Inventory Information for the HydroDat Database ................. 31 



,-----
ECF-HANFORD-12-0061, GROUNDWATER HYDRAULIC GRADIENT 

AND VELOCITY CALCULATIONS FOR PAGE 3 OF 38 
REV. 0 200 EAST AREA RCRA SITES IN 2011 

1 Purpose 
This environmental calculation describes the methodology, data, and results of calculating some of 
the groundwater flow velocities reported in Hanford Site Groundwater Monitoring for 2011 
(DOE/RL-2011-118, Appendix B, Table B-1). The focus of this calculation documentation are waste sites 
monitored under the Resource Conservation and Recovery Act of 1976 (RCRA) in the 200 East Area and 
vicinity, although RCRA sites overlying the 200-UP-1 Operable Unit in the 200 West Area are also 
included (i.e. , 216-S-10 Pond & Ditch, Waste Management Area [WMA] S-SX, and WMA U). 
Groundwater flow velocity calculations for the remaining RCRA sites at Hanford, as published in 
DOE/RL-2011-118, are documented in Hydraulic Gradients and Velocity Calculations for RCRA Sites 
in 2011 (ECF-HANFORD-12-0048). 

The RCRA sites addressed in this calculation documentation include the 216-A-29 Ditch, 
216-A-36B Crib, 216-A-37-1 Crib, 216-B-3 Pond, 216-B-63 Trench, 216-S-10 Pond & Ditch, Integrated 
Disposal Facility (IDF), Liquid Effluent Retention Facility (LERF), Low-Level Waste Management Area 
1 (LLWMA-1), LLWMA-2, WMA A-AX Tank Farm, WMA B-BX-BY Tank Farm, WMA C Tank 
Farm, WMA S-SX Tank Farm, and WMA U Tank Farm. 

2 Background 

Hydraulic gradients are determined by analysis of water-level elevation differences between monitoring 
wells. At many of the sites discussed in this calculation, differences in water-level elevations were 
analyzed by trend-surface analysis in which a plane is fit to a set of water-level measurements by 
least-squares regression (described below). This process is fairly straightforward in areas where the 
hydraulic gradient magnitude is large (e.g. , in the 200 West Area) because elevation differences between 
wells are much larger than the variability (or noise) in the measurements themselves. Where the hydraulic 
gradient magnitude is low, however, it is much harder to resolve the small water-level elevation 
differences that occur between monitoring wells. 

The water table is very flat over much of the 200 East Area. The variability of 200 East Area water-level 
measurements is typically up to 0.20 m (0.66 ft) (or 20 cm [7.9 in.]) and more in some instances. At the 
scale of individual waste sites, this is larger than the hydraulic gradient magnitude in which water-level 
elevations are expected to differ by only a few centimeters. Thus, water-level measurements cannot be 
used to determine hydraulic gradients at most 200 East Area RCRA sites unless specific measures are 
taken to reduce measurement variability. 

Sources of variability in water-level measurements include deviation of wellbores from vertical, accuracy 
of casing elevation surveys, accuracy of depth to water measurements, well construction, and fluctuations 
of barometric pressure. Measures have been taken to reduce measurement variability at five RCRA sites 
in the 200 East Area: LLWMA-1 , LLWMA-2, LERF, and IDF, and the 216-A-36B Crib combined. These 
measures include gyroscope surveys of borehole paths in three-dimensional space to allow for wellbore 
deviation corrections, highly accurate resurveys of casing elevations, and careful selection of wells to 
minimize vertical flow caused by long-open intervals or mud units within the open interval. These 
measures also ensure that only a single measurement device is used to collect water-level measurements, 
and uses normalization of the water-level elevations to a constant barometric pressure using the multiple 
regression/deconvolution technique described in Identifying and Removing Barometric Pressure Effects in 
Confined and Unconfined Aquifers (Rasmussen and Crawford, 1997). The methods, data analysis, and 
calculation results of this work are described in Calculations in Support of the Low Hydraulic Gradient 
Evaluation Study for the 200 East Area Unconfined Aquifer (ECF-200E-12-0086). 
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3 Methodology 
This section describes the method of trend-surface analysis was adapted from ECF-200E-12-0086. 

3.1 Trend-Surface Analyses 

In trend-surface analysis, a plane is fit to a set of water-level elevation measurements by least-squares 
regression. The regression equation used was from Statistics and Data Analysis in Geology, 
Equation 5.84 (Davis, 2002): 

(Equation 1) 

where: 

z = predicted water-level elevation (m) at a location x,y, in which xis the easting geographic 
coordinate (m) and y is the northing geographic coordinate (m) 

ho = offset (m) 

b1 = slope in the x direction (m/m) 

b2 = slope in they direction (m/m) 

Equation 1 can be rearranged as follows : 

This equation has the same form as the following: 

Ax+By+Cz +D =0 

where: 

C = -1 (which is the familiar equation of a plane in standard form) 

(Equation 2) 

(Equation 3) 

The least-squares regression for each set of water-level measurements was performed by solving the 
following matrix equation for the regression coefficients b0, b1, and b2 (Davis, 2002; Equation 5.86): 

k k 

k L XJ LYJ 
}=1 }=1 

r:J k k k 

L XJ L x J L X1Y1 
}=I }=I }=I 
k k k 

L YJ L XJYJ L YJ 
J=I }=I J=I 

where: 

k = number of wells 

Xj = easting geographic coordinate of the l well (m) 

yj = northing geographic coordinate of the l well (m) 

Zj = hydraulic head in the / 1 well (m) 

k 

L ZJ 
}=I 

k 

L X1Z1 (Equation 4) 
}=1 
k 

L Y1Z1 
}=1 
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Equation 4 was solved in a spreadsheet modeled after the spreadsheet in "A Spreadsheet Method of 
Estimating Best-Fit Hydraulic Gradients Using Head Data from Multiple Wells" (Devlin, 2003) using the 
matrix math functions in Microsoft1 Excel®. The spreadsheet used is documented in Appendix A. 

The hydraulic gradient magnitude is represented by the slope of the fitted plane. It follows from 
mathematics that vector <.A,B,C> is a normal vector to the plane (i.e., a vector perpendicular to the plane) 
in Equation 3; therefore, vector <b1,b2,-l> is a normal vector to the plane represented in Equation 2 
(because C = -1 in Equation 2). The slope of the fitted plane, which is the gradient magnitude, was 
calculated from the deviation of vector <b 1,b2,-l> from the vertical (i.e. , its "tilt") using the Pythagorean 
theorem as follows: 

, { 2 2 )11 2 
l = \b1 +b2 (Equation 5) 

Vector <b1,b2,-l> begins at the origin of the coordinate system and points in the negative z direction 
(i .e., downward) , because C = -1. Thus, the vector <-b1,-b2,1> is also a normal vector to the fitted plane 
pointing in the positive z direction (i .e., upward). This vector can be projected onto the x,y plane by 
setting C = 0, and the direction of the resulting vector, < -b 1, -b2,0>, is the direction of the hydraulic 
gradient. This direction was calculated from -b I and -b2 using trigonometric functions. 

3.2 Statistical Test 

The degree to which the fitted plane represented the data (i.e., the goodness of fit) was assessed by an 
analysis of variance (ANOV A) statistical test. This test identifies whether the data exhibit a true spatially 
dependent trend to an acceptable probability of error (i.e., the level of significance), which is chosen to be 
0.05 (i.e., a 95 percent confidence level). The ANOV A was performed by constructing a standard 
ANOV A table (Davis, 2002), as shown in Table 1. 

Table 1. Standard ANOVA Table 

Source Sum Degrees 
of Variation of Squares of Freedom Mean Squares F-Test Statistic 

Polynomial regression SSR 2 MSR MSRI MSv 

Deviation from 
SSv k-3 MSv Polynomial 

-

Total variation SST k - l - -

1n Table 1, SSR is the sum of squares due to the regression and is given as follows (Davis, 2002; 
Equation 4.20): 

k 

ssR = ~)zj -z)
2 (Equation 6) 

j= I 

where: 

zj = predicted water-level elevation in the t well 

1 The Microsoft® products identified in this calculation are either registered trademarks or trademarks of Microsoft 
Corporation in the United States and/or in other countries. 
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Z = mean of all the water-level elevations (either the actual measurements or the predicted 
measurements because the mean will be the same for both sets) 

SS0 is the sum of squares due to the deviations (i.e., the sum of squares of the residuals) and is given by 
the following equation (Davis, 2002; Equation 4.22): 

k 

SSD = ~)zj - zj)2 (Equation 7) 
j = l 

SST is the total sum of squares and is given by the following equation (Davis, 2002; Equation 4.18): 

k 

SST= ~)zj -z)2 (Equation 8) 
j =l 

The degrees of freedom associated with the regression is one less than the number of coefficients in the 
fitted equation (i.e., two degrees of freedom because Equation 1 has three coefficients: b0, b 1, and b2) . 

The degrees of freedom associated with the total variation is one less than the number of measurements 
(k), and the degrees of freedom associated with the deviations is the degrees of freedom for the total 
variation less the degrees of freedom for the regression (i.e., [k - 1) - 2, or k - 3). The mean squares, 
which are estimates of the variance, are the sums of squares divided by the associated degrees of freedom, 
and the test statistic is the ratio of the mean squares ( or variance estimates). 

The statistical test was performed using the F probability distribution. As stated in Davis (2002, p. 75), 
this distribution" . . . is the theoretical distribution of values that would be expected by randomly sampling 
from a normal population and calculating, for all possible pairs of sample variances, the ratios" of those 
variances. The ANOV A was performed by comparing the test statistic in Table 1 with the F-distribution 
to determine the probability of obtaining the observed test statistic (or a larger test statistic) by random 
sampling from the same population. If that probability (i.e., the p-value) was small (i.e. , less than 0.05), 
then it was concluded that the two variances are from separate populations (i.e. , there is a spatially 
dependent trend in the water-level measurements). 

3.3 Goodness of Fit 

Two other parameters were calculated as part of the trend-surface analyses: the goodness of fit coefficient 
(R2

) and the correlation coefficient (R). The goodness of fit coefficient is the ratio of the sum of squares 
due to the regression (SSR, given by Equation 6) to the total sum of squares (SST, given by Equation 8), 
as follows (Davis, 2002; Equation 4.23): 

R2 = SSR 
SST 

(Equation 9) 

If the measurements fit a plane closely, SSR and SST will be approximately equal and their ratio, R2
, will 

be approximately one. If the measurements do not fit a plane very well , the best fit plane will be nearly 
horizontal. In this case, SSR will be small compared to SST and their ratio will be near zero. Thus, the more 
closely an R2 value is to unity, the better the measurements fit a plane. The correlation coefficient is the 
square root of the goodness of fit coefficient. 

As part of the trend-surface analyses, potential outliers in the hydraulic head measurements were 
identified using the interquartile range (IQR) approach described in Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities Unified Guidance (EPA 530/R-09-007). With this approach, the 
25th and 75th percentiles of the residuals (i.e., the observed hydraulic head less the predicted hydraulic 
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head) are computed. The difference between these values is the IQR, and any residual less than the 
25 th percentile minus 1.5 times the IQR or greater than the 75tl• percentile plus 1.5 times the IQR was 
identified as a potential outlier. Potential outliers were evaluated case-by-case to determine whether they 
should be included in the analysis. 

For some sites, the hydraulic gradient results were summarized as mean values of multiple trend-surface 
analyses. Uncertainties on these mean values were calculated as 1.65 times the standard error of the 
results (i.e., a 90 percent confidence interval). The standard error was used rather than the standard 
deviation, because each trend-surface result is itself a type of mean of the measurements collected on the 
given date. Thus, the mean of a set of trend-surface results is a mean of means and so the standard error is 
applicable to estimating confidence intervals (see the "Confidence Intervals" section in Davis, 2002; 
pp. 66-68). The standard error is given by the following (Davis, 2002; Equation 2.38): 

s. = o-l (Equation 10) 

where: 

Se = standard error, a is the standard deviation of the trend-surface analyses results (either the 
magnitude or direction) 

n = number of trend-surface analyses used to calculate the mean 

Where only three wells were used in the trend-surface analyses (i.e., at LERF), the uncertainty was 
expressed as 1.65 times the standard deviation of the results. When only three wells were used in the 
analysis, the fitted plane was considered to be an exact solution and not a type of mean. 

3.4 Flow Rate Calculations 

Flow rates were calculated using Darcy' s Law, as follows (modified from Applied Hydro geology 
[Fetter, 1988]): 

KM 
v=-·-

ne 11.l 
(Equation 11) 

where: 

v = average linear velocity (mid) 

K = hydraulic conductivity (mid) 

ne = effective porosity (unitless) 

!ih/111 = average hydraulic gradient magnitude across the waste site (mlm) 

4 Assumptions and Inputs 

A trend-surface analysis result represents the mean, linear trend of the hydraulic gradient for the area 
being analyzed. The result will be most representative if the true hydraulic gradient across the study area 
is uniform. This is generally a good assumption at the scale of an individual waste site (LERF is one 
exception discussed in Section 7). 

The best flow velocity estimates are obtained from Darcy's Law if the aquifer is homogeneous and 
isotropic. No aquifer is truly homogeneous and isotropic, but as long as the hydraulic gradient, hydraulic 
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conductivity, and effective porosity are good average values for the site, the calculated flow rate will be 
representative of an average flow rate. 

Input data to these calculations consisted of well location coordinates and water-level measurements. 
Coordinates were obtained from the Hanford Well Information System (HWIS), and water-level data 
were obtained from the HydroDat database. Assumptions applicable to the hydraulic gradient and flow 
velocity determinations at specific RCRA sites are described in Section 7. 

5 Software Applications 

The HydroDat database is the official repository for Hanford Site manual water-level measurements. 
HydroDat is a software application maintained in Microsoft SQL Server®, which is controlled under 
procedure PRC-PRO-IRM-309, Controlled Software Management, and is registered on the Hanford 
Information System Inventory (HISI) as approved for use. The HISI documentation for HydroDat is 
provided in Appendix D. HydroDat was the correct software for use in this application because it is the 
official repository for Hanford Site manual groundwater-level measurements. HydroDat was used within 
its limitations. 

Microsoft Excel, which is exempt from the requirements of PRC-PRO-IRM-309, was also used in 
calculating hydraulic gradients and flow velocities. 

6 Calculations 

Calculations of the hydraulic gradient for 216-A-36B Crib, IDF, LERF, LLWMA-1 , and LLWMA-2 are 
provided in ECF-200E-12-0086. The results in ECF-200E-12-0086 were also assumed to apply to the 
216-A-29 Ditch, 216-A-37-1 Crib, 216-B-63 Trench, WMA A-AX, WMA B-BX-BY, and WMA C, 
which are also located above the region of the aquifer with the flat water table. Hydraulic gradients-for 
the 216-B-3 Pond, 216-S-10 Pond & Ditch, WMA S-SX, and WMA U were determined by trend-surface 
analyses documented in Appendix B. Flow rate calculations are documented in Appendix C. 

7 Results 

Results of the hydraulic gradient and flow velocity determinations are described in this section. Those 
sites directly addressed by ECF-200E-12-0086 are discussed first, along with other 200 East Area RCRA 
sites with a very low hydraulic gradient magnitude (i.e., a flat water table). Results are then presented for 
the remaining RCRA sites not affected by the flat water table. 

7.1 RCRA Sites in the Region of Low Hydraulic Gradient Magnitude 

7.1.1 Integrated Disposal Facility 
The IDF and 216-A-36B Crib are located adjacent to each other and were analyzed by trend-surface 
analysis as a single site. The wells used in the analysis are part of the low-gradient evaluation network 
established within the 200 East Area, and all of the measures described in Section 2 to reduce the 
variability of the data were applied. The trend-surface calculations are documented in ECF-200E-12-0086 
and the results are summarized in Table 2. The magnitude and direction of the hydraulic gradient were 
taken as the average of the specific trend-surface analysis results between June 2008 and December 2011. 
The uncertainty on the means was calculated as 1.65 times the standard error (Equation 10). The final 
result was a gradient magnitude of 2.2 x 10·5 m/m (±0.2 x 10·5 m/m) at 71 (±11) degrees azimuth 
(east-northeast). 
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Table 2. Results of Trend-Surface Analyses for IDF and 216-A-36B Crib 
(from ECF-200E-12-0086) 

Gradient Gradient 
Measurement Magnitude Direction Number of 

Date (m/m) (Azimuth)8 R2 p-Valueb Measurements 

6/16/2008 1.8 X 10-S 58 0.81 0.0064 9 

8/1/2008 1.8 X 10-S 138 0.65 0.04 11 9 

8/29/2008 2.3 X 10-S 63 0.78 0.0047 10 

9/10/2008 No valid result 

10/23/2008 2.5 X 10-S 52 0.81 0.0065 9 

11/26/2008 1.2 X 10-S 55 0.91 0.0283 6 

12/22/2008 1.7 X 10-S 108 0.92 0.0072 7 

1/26/2009 No valid result 

2/5/2009 3.8 X 10-S 47 0 .95 0.0006 8 

3/24/2009 1.9 X 10-S 59 0.89 0.0039 8 

6/29/2009 2.2 X 10-S 36 0.95 0.0108 6 

9/22/2009 2.6 X 10-S 52 0.86 0.0069 8 

12/30/2009 2.8 X 10-S 73 0.88 0.0015 9 

3/ 16/2010 2.0 X 10-S 49 0.86 0.0071 8 

6/30/2010 No valid result 

9/14/2010 1.4 X 10-S 49 0.99 0.0001 7 

3/1 8/2011 2.2 X 10-S 57 0.78 0.0110 9 

6/20/2011 2.4 X 10-S 89 0 .84 0.0102 8 

9/22/2011 2. 1 X 10-S 89 0.99 0.0001 7 

12/29/2011 2.7 X 10-S 104 0.90 0.0009 9 

Means for 2.2 X l(f 
6/1 612008 through 

(±0.2 X llf) 
71 (±11) 

1212912011 

a. Degrees clockwise from true north; 90 = east, 180 = south, 270 = west, 0 and/or 360 = north. 

b. The probability that the degree of an apparent spatially dependent trend observed in the data (or a trend of even 
greater degree) would occur solely by random chance. If the p-value is less than 0.05 , the fitted trend surface is 
deemed statistically significant. 

Flow velocities were calculated using the average gradient magnitude, an assumed effective porosity 
range of 0.1 to 0.3 , and a hydraulic conductivity range of 65 to 75 mid (PNNL-13652, Geologic and 
Wireline Borehole Summary from the Second /IA W Borehole [299-£24-21]; PNNL-11957, Immobilized 
Low-Activity Waste Site Borehole 299-£17-21). The results were 0.005 to 0.02 mid. 

7.1.2 216-A-36B Crib 
The hydraulic gradient for this site was determined to be 2.2 x 10-5 mlm (±0.2 x 10-5 mlm) at 71 (±11) 
degrees azimuth (east-northeast) (see Table 2 and the IDF section above). Flow velocities were calculated 
using the average gradient magnitude, an assumed effective porosity range of 0.1 to 0.3, and a hydraulic 
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conductivity range of 18 to 3,000 mid (PNNL-11523, Interim-Status RCRA Groundwater Monitoring 
Plan for the 216-A-J0, 216-A-36B, and 216-A-37-1 PUREX Cribs). The results were 0.001 to 0.66 mid 
(the latter reported as 0.6 mid in DOE/RL-2011-118). 

7.1.3 Low-Level Waste Management Area 1 
This site is included in the low-gradient evaluation study and has a network of wells established for 
water-level monitoring in which all of the measures to reduce measurement variability described in 
Section 2 have been applied. The trend-surface calculations for this site in 2011 are documented in 
ECF-200E-12-0086 and the results are summarized in Table 3. The hydraulic gradient was indeterminate 
between January and June 2011, as evidenced by the relatively low goodness of fit coefficients during this 
time (0.16 to 0.49). Beginning in July, the trend-surface analyses indicated a statistically significant 
hydraulic gradient toward the south with relatively high goodness of fit coefficients (up to 0.86). Thus, 
the groundwater flow direction changed during 2011 at this site. Because of this, the gradient magnitude 
and direction were reported as variable for the year and no flow rate calculations were made. 

Table 3. 2011 Results of Trend-Surface Analyses for LLWMA-1 (from ECF-200E-12-0086) 

Gradient Gradient 
Measurement Magnitude Direction Statistically 

Date (m/m) (Azimuth)° R2 p-Valueh Significant? 

1/4/2011 1.1 X 10·5 358 0.26 0.1841 No 

2/11/2011 l.l X 10·5 339 0.48 0.0288 Yes 

3/21/2011 8.1 X 10-6 311 0.29 0.1573 No 

4/25/2011 7.3 X 10"6 326 0.49 0.0362 Yes 

5/25/2011 4.7 X 10"6 18 0.29 0.2147 No 

6/20/2011 3.3 X 10"6 191 0.16 0.4179 No 

7/14/2011 1.2 X 10·5 192 0.51 0.0278 Yes 

8/15/2011 2.0 X 10·5 161 0.79 0.0045 Yes 

8/29/2011 2.8 X 10·5 176 0.86 0.0001 Yes 

11/30/2011 3.2 X 10·5 171 0.83 0.0001 Yes 

12/29/2011 2.6 X 10·5 172 0 .77 0.0006 Yes 

a. Degrees clockwise from true north; 90 = east, 180 = south, 270 = west, 0 and/or 360 = north. 

b. The probability that the degree of an apparent spatially dependent trend observed in the data (or a trend of even 
greater degree) would occur solely by random chance. If the p-value is less than 0.05, the fitted trend surface is 
deemed statistically significant. 

7.1.4 Low-Level Waste Management Area 2 
This site is included in the low-gradient evaluation study and has a network of wells established for 
water-level monitoring in which all of the measures to reduce measurement variability described in 
Section 2 have been applied. The trend-surface calculations for this site in 2011 are documented in 
ECF-200E-12-0086 and the results are summarized in Table 4. Statistically significant results were 
achieved for only 6 of the 11 data sets analyzed. Those that were significant yielded results indicating 
a hydraulic gradient direction toward the north-northeast straight toward a basalt subcrop above the water 
table. A complication in the trend-surface analyses is that many of the wells are located along a line 
parallel to the southern boundary of LLWMA-2, which is a poor geometry for trend-surface analyses. 
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Table 4. 2011 Results of Trend-Surface Analyses for LLWMA-2 (from ECF-200E-12-0086) 

Gradient Gradient 
Measurement Magnitude Direction Number of 

Date (m/m) (Azimuth)3 R2 p-Valueb Measurements 

1/4/2011 2.1 X 10-5 16 0.74 0.0348 8 

2/11/2011 4.8 X 10-5 33 0.94 0.0145 6 

3/21/2011 No valid result 

4/25/2011 2.6 X 10-5 23 0.92 0.0063 7 

5/25/2011 J.5 X 10-5 15 0.99 0.0001 7 

6/20/2011 No valid result 

7/14/2011 2.7 X 10-5 20 0.97 0.0043 6 

8/15/2011 No valid result 

9/26/2011 No valid result 

11/30/2011 1.4 X 10-5 38 0.80 0.0414 7 

12/29/2011 No valid result 

a. Degrees clockwise from true north; 90 = east, 180 = south, 270 = west, 0 and/or 360 = north. 

b. The probability that the degree of an apparent spatially dependent trend observed in the data (or a trend of even 
greater degree) would occur solely by random chance. If the p-value is less than 0.05 , the fitted trend surface is 
deemed statistically significant. 

Because of this and the difficulty obtaining statistically significant results at this site, it was concluded 
that the hydraulic gradient was too low to measure. The hydraulic gradient magnitude and direction were 
reported as indeterminate in DOE/RL-2011-118 and the flow rate was not calculated. 

7.1.5 Liquid Effluent Retention Facility 
Due to an oversight, the hydraulic gradient and flow velocity results for LERF published in 
DOE/RL-2011-118 were actually the values for 2010 and not for 2011. This calculation documentation 
provides the hydraulic gradient and flow velocity results for 2011. 

The trend-surface analysis results for 2011 are shown in Table 5 (the calculations are documented in 
ECF-200E-12-0086). This site is included in the low-gradient evaluation study and has a network of 
wells established for water-level monitoring in which all of the measures to reduce measurement 
variability described in Section 2 have been applied. The network consisted of three wells (299-E26-10, 
299-E26-77, and 299-E26-79) until a newly drilled fourth well (299-E26-14) was added to the network 
in December 2011. The average trend surface result for the three-well network in 2011 was a gradient 
magnitude of 1.1 x 104 m/m (±0.7 x 104 m/m) at 199 (±19) degrees azimuth (south-southwest) (see 
Table 5). With well 299-E26-14 in the network, the result for December 2011 was 2.8 x 104 m/m at 
195 degrees azimuth (south-southwest). 
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Table 5. 2011 Results of Trend-Surface Analyses for LERF (from ECF-200E-12-0086) 

Gradient Gradient 
Measurement Magnitude Direction Statistically 

Date (m/m) (Azimuth)3 R2 p-Valueh Significant? 

Three-Well Network (not including 299-E26-14) 

1/4120 l l 8. l x 10-5 198 NIA NIA NIA 

2ll l/20ll l.6 X l0-4 182 NIA NIA NIA 

3/21/201 l l.7 X l0-4 196 NIA NIA NIA 

41251201 l l.5 X l0-4 205 NIA NIA NIA 

5125/201 l 6.7 X l0-5 221 NIA NIA NIA 

7114/20ll 4 .8 X l0-5 343 NIA NIA NIA 

9126/2011 8.1 X l0-5 198 NIA NIA NIA 

11/30/2011 9.0 X 10-5 195 NIA NIA NIA 

2011 Mean for the 
Three-Well 

1.1 X 10 4 

Network 
(±0.7 X 10-4) 

199 (±19) 
(excluding 

711412011 result) 

Four-Well Network (including 299-E26-14) 

12129/2011 2.8 X lQ-4 195 0.92 0.2858 No 

a. Degrees clockwi se from true north; 90 = east, 180 = south, 270 = west, 0 and/or 360 = north. 

b. The probability that the degree of an apparent spatially dependent trend observed in the data (or a trend of even 
greater degree) would occur solely by random chance. If the p-value is less than 0.05, the fitted trend surface is 
deemed statistically significant. 

NI A = not applicable 

The larger gradient magnitude for December 2011 indicates that the gradient magnitude changes spatially 
in the LERF vicinity. For instance, the trend-surface analysis result for December 2011 using the 
three-well network yielded a gradient magnitude of 6.7 x 10-5 mlm (the direction was 207 degrees), 
which is within the range of results for the three-well network from January through November 2011 
(Table 5). Well 299-E26-14 is to the north ofLERF, whereas the other wells are to the west and south. 
So, the hydraulic gradient magnitude is larger in the north portion of the well network. Although the 
December 2011 trend-surface result was not statistically significant, it is interpreted as being the most 
representative hydraulic gradient for the LERF because the fitted plane represents the spatially averaged 
hydraulic gradient beneath the site. The December 2011 result was used in the flow velocity calculations. 
Note that there was no appreciable change in the direction of the gradient when including well 
299-E26-14 (199 and 195 degrees azimuth before and after inclusion of the new well, respectively). 
An additional well to the northwest, as proposed for the nearby Trench 94, may provide additional 
understanding of the flow direction in this area. 

The flow velocity for LERF was calculated using a gradient magnitude of 2.8 x 10-4 mlm, an assumed 
effective porosity of 0.1 , and using either 36.2 mid or 39.8 mid for the hydraulic conductivity 
(PNNL-14804, Results of Detailed Hydrologic Characterization Tests - Fiscal Year 2003), the flow rate 
was calculated at 0.1 mid. 
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7.1.6 216-A-29 Ditch 
The water table beneath the 216-A-29 Ditch is very flat and this site is not part of the low-gradient 
evaluation network for the 200 East Area. It was assumed that the hydraulic gradient magnitude of 
2.2 x 10-5 mlm calculated for the IDF/216-A-36B Crib was also representative for the water table 
beneath the 216-A-29 Ditch. The flow rate was calculated using a hydraulic conductivity of 18 mid 
(WHC-SD-EN-DP-047, Borehole Completion Data Package for the 216-A-29 RCRA Facility Monitoring 
Wells, Calendar Year 1991) and an effective porosity range of 0.1 to 0.3 (assumed). This resulted in an 
estimated flow rate of 0.001 to 0.004 mid. The southeast flow direction was interpreted based on 
contaminant plume maps. 

7.1.7 216-A-37-1 Crib 
The water ta}?le beneath the 216-A-37-1 Crib is very flat and this site is not part of the low-gradient 
evaluation network for the 200 East Area. However, it is located near the 21-A-36B Crib, so it was 
assumed that the hydraulic gradient magnitude of 2.2 x 10-5 mlm calculated for the IDF/216-A-36B Crib 
was also representative for the water table beneath the 216-A-37-1 Crib. The flow velocity was calculated 
using a hydraulic conductivity range of 18 to 3,000 mid (PNNL-11523) and an effective porosity range of 
0.1 to 0.3 (assumed). This resulted in an estimated flow rate of 0.001 to 0.66 mid. The southeast flow 
direction was interpreted based on contaminant plume maps. (Note: Due to an oversight, the values given 
in Table B-1 of DOE/RL-2011-118 were not correct, but the values in the text [Section 3.5.9.3] 
were correct.) 

7.1.8 216-8-63 Trench 
This site is located along the south side of LL WMA-2. While not directly part of the low-gradient 
evaluation network, some of the wells at the 216-B-63 Trench are used in the network for LLWMA-2. 
As explained above, the water table was deemed too flat to measure at LLWMA-2. This conclusion also 
applies to the 216-B-63 Trench. The hydraulic gradient magnitude and direction were reported as 
indeterminate in DOE/RL-2011-118 and the flow rate was not calculated. 

7.1.9 Waste Management Area A-AX Tank Farms 
The water table beneath WMA A-AX is very flat and this site is not part of the low-gradient evaluation 
network for the 200 East Area. No assumptions were made regarding the magnitude of the hydraulic 
gradient. The gradient magnitude and flow rate were reported as indeterminate in DOE/RL-2011-118 and 
no flow rate calculations were performed. The flow direction is southeast based on interpretations from 
plume maps. 

7.1.10 Waste Management Area B-BX-BY Tank Farms 
This site is located adjacent to LLWMA-1, and two of the wells at WMA B-BX-BY are included in the 
low-gradient evaluation network for LL WMA-1. Thus, groundwater flow at LL WMA-1 is also assumed 
to be representative of flow at WMA B-BX-BY. As explained above for LLWMA-1, the groundwater 
flow direction changed during the year. Because of this, the gradient magnitude and direction for both 
LLWMA-1 and WMA B-BX-BY was reported in DOE/RL-2011-118 as variable for the year and no flow 
rate calculations were made. 

7.1 .11 Waste Management Area C Tank Farm 
The water table beneath WMA C is very flat, and this site is not part of the low-gradient evaluation 
network for the 200 East Area. No assumptions were made regarding the magnitude of the hydraulic 
gradient. The gradient magnitude and flow rate were reported as indeterminate in DOE/RL-2011-118 and 
no flow rate calculations were performed. The flow direction is south based on interpretations from 
plume maps. 
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7.2 Other RCRA Sites 
This section addresses the 216-B-3 Pond, which is east of the 200 East Area and outside the region of low 
hydraulic gradient magnitude. It also addresses the RCRA sites associated with the 200-UP- l Operable 
Unit in the 200 West Area. Trend-surface analyses for these sites are documented in Appendix B. 

7.2.1 216-B-3 Pond 
Due to an oversight, the hydraulic gradient and flow velocity results for 216-B-3 Pond published in 
DOE/RL-2011-118 were actually the values for 2010 and not for 2011. This calculation documentation 
provides the hydraulic gradient and flow velocity results for 2011. 

The hydraulic gradient for this site was determined by trend-surface analysis of the water-level 
measurements collected on March 18, 2011. The result was 1.3 x 10-3 mlm at 259 degrees azimuth ( west) 
(R2 = 0.98, R = 0.99, p-value = 0.0005). Using a hydraulic conductivity 1.0 mid (WHC-SD-EN-EV-002, 
Interim Hydrogeologic Characterization Report for the 216-B-3 Pond; PNL-10195, Three-Dimensional 
Conceptual Mode/for the Hanford Site Unconfined Aquifer System: FY 1994 Status Report) and an 
effective porosity of 0.25 (assumed), the flow rate is 0.0052 mid. 

7.2.2 216-S-10 Pond & Ditch 
The hydraulic gradient for this site was determined by trend-surface analysis of the water-level 
measurements collected on March 31, 2011. The result was 2.5 x 10-3 mlm at 108 degrees azimuth 
(east-southeast) (R2 = 0.91, R = 0.95, p-value = 0.0267). Using a hydraulic conductivity range of 2 to 
42.7 mid (range of 10 hydraulic test results in the 216-S-10 vicinity for the upper portion of the 
unconfined aquifer, after excluding the low and high values from the 12 available test results; the 2 mid 
value is from Summary and Evaluation of Available Hydraulic Property Data for Hanford Site 
Unconfined Aquifer (PNL-8337), well 299-W26-8; the 42.7 mid value is the midpoint of the reported 
range for well 699-32-77 in PNL-8337) and an assumed effective porosity range of 0.1 to 0.2, the flow 
rate ranges between 0.025 and 1.1 mid. Using best values of 10.4 mid for hydraulic conductivity (from 
the constant-rate discharge test result [ well 299-W27-2] closest to the median of the 10 test results used 
for the range [WHC-SD-EN-DP-052, Borehole Completion Data Package for the 216-S-JO Facility, 
CY 1992]) and an assumed effective porosity of 0.15, the best estimate of the flow rate is 0.17 mid. 

7.2.3 Waste Management Area S-SX Tank Farms 
The hydraulic gradient for this site was determined by trend-surface analysis of the water-level 
measurements collected on March 31, 2011. The result was 2.0 x 10-3 mlm (rounded from 
1.96 x 10-3 mlm) at 90 degrees azimuth (east) (R2 = 0.94, R = 0.97, p-value = 0.0000). Using a hydraulic 
conductivity range of 1.33 to 14.4 mid (range of seven constant-rate discharge test results in the 
WMA S-SX wells reported in PNNL-13514, Results of Detailed Hydrologic Characterization Tests -
Fiscal Year 2000; PNNL-14113, Results of Detailed Hydrologic Characterization Tests- Fiscal 
Year 2001; and PNNL-14186, Results of Detailed Hydrologic Characterization Tests- Fiscal Year 2002; 
lower bound from PNNL-14186, well 299-W22-84; upper bound from PNNL-14113, well 299-W22-80) 
and an assumed effective porosity range of 0.09 to 0.2 (lower value is the lowest specific yield 
determined from the seven constant-rate pump tests; upper value assumed), the flow rate ranges between 
0.013 and 0.31 mid. Using best values of 6.1 mid for hydraulic conductivity (average of the constant-rate 
pump tests) and an effective porosity of 0.12 (PNNL-13514; PNNL-14113), the best estimate of the flow 
rate is 0.10 mid. 

7.2.4 Waste Management Area U Tank Farm 
The hydraulic gradient for this site was determined as the average of two trend-surface analyses: one for 
water-level measurements collected on March 30, 2011, and another for measurements collected between 
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July 18 and July 27, 2011. The results for March 30, 2011, were 1.99 x 10-3 mlm at 80.9 degrees azimuth 
(east-northeast) (R2 = 0.72, R = 0.85, p-value = 0.0231). The results for July 2011 were 2.26 x 10-3 mlm at 
78.4 degrees azimuth (east-northeast) (R2 = 0.98, R = 0.99, p-value = 0.0001). The average gradient 
magnitude was 2.13 x 10-3 mlm. Using a hydraulic conductivity range of 1.69 to 9.5 mid (range of three 
hydraulic test results in the WMA U wells reported in PNNL-13378, Results of Detailed Hydrologic 
Characterization Tests - Fiscal Year 1999) and an effective porosity range of 0.1 to 0.2 (assumed), the 
flow rate ranges between 0.018 and 0.20 mid. Using best values of 6.1 mid for hydraulic conductivity and 
an effective porosity of0.17 (both from the constant-rate pump test in well 299-Wl9-42 [PNNL-13378]), 
the best estimate of the flow rate is 0.076 mid. 
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Trend-Surface Analysis Spreadsheet 
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The spreadshe~t used for the trend-surface analyses, with formulas displayed, is shown on Figure A-1. 
The input data, consisting of the easting and northing well coordinates and the calculated hydraulic heads, 
are entered into columns C, D, and E. Intermediate computations needed to solve the matrix equation 
(i.e., Equation 4) are in the block from L23 through L36. The matrix equation is displayed in the block 
from K46 to 048, and it is solved using Microsoft Excel matrix functions in rows 46 to 54. The matrix 
functions are entered as array formulas (to enter an array formula in Microsoft Excel, hold down the 
control and shift keys at the same time and press enter). The coefficients of the fitted plane are in L52 to 
L54. The normal vector to the fitted plane (pointing upward) is determined in cells L58 and L59. 
The gradient magnitude is calculated in L64 (Equation 5), and the gradient direction is determined in the 
block of cells from L69 to M77. To determine the gradient direction, the coefficients of the fitted plane 
are examined in a logic block from L69 to L 77 so only one of the series of "IF" functions will be true. 
The conditions being tested are listed in K69 to K77, and this is mainly to determine within which 
quadrant the fitted plane dips. The "IF" functions in column M identify which of the conditions is true, 
and then computes the dip direction of the fitted plane using the arctangent function in the appropriate 
manner for that quadrant. The gradient magnitude and direction are then echoed in LIO and Ll 1 so the 
user can easily find the result. 

Remaining calculations consist of the predicted hydraulic heads, identification of potential outliers, and 
the ANOV A statistical test. The coefficients of the fitted plane are used to calculate the predicted 
hydraulic heads for each well in column G. The difference of the predicted heads from their mean is 
computed in column H, and the residuals are calculated in column I. The predicted range of the 
measurements, using the IQR, is determined from the 25 th and 75th percentiles in cells 023 to 030. 
The cells showing the residuals (i.e., in column I) are conditionally formatted to highlight yellow if 
a value is outside the range determined by the IQR, which allows for easy identification of the potential 
outliers. The ANOVA table is in the block of cells from N14 to Sl 7. The test statistic is in R15 and the 
p-value is determined using the "FDIST" function in S15. The results of the statistics are in cells L15 to 
L19. In L19, the p-value (cell L18) is compared to the level of significance specified in L17 to determine 
if the trend surface is statistically significant. 
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Figure A•1, Spreadsheet Used for the Trend-Surface Analysis with Formulas Displayed 

A B C D E F G H 
Trend Surface Analysis of Hydraulic Gradient 
(Least :;ouares Rearession of a Plane to Points in 3-0 """C8) 
Reference: Davis, J . C. 2002. Statistics and Data Anaiysis in l:JOOIOOV, John Wiley & Sons 

4 wreuarea DY JP Mc uonakl 
5 I I 
6 I I I 
7 Input uata c,(](Jlputoouata 

Well Name Easting~ Predicted 
Predicted Diff from Mean 

8 (x-coord) Hydrauric Head 

9 1 •lt-1I,,HI AN"(E9),-,SLS52+$I ~S.'l.C9+$LS54. , "'' -·~· AN• •-9),-,G9-SIJM($GS9:=$28)/$LS231 
10 2 - IF{ISBLANK(E10).-.SLS52+SL$53"C10+$L$54.O10) -IF(ISBLANK(E10),-,G10-SUM(SG$9:SG$28)/SL$23) 
11 3 - IF(ISBLANK{E11 ),-,SL$52+SL$53'C11+$LS54.D11) - IF{ISBLANK(Et 1),-,G1 t -SUM{$G$9:SG$28)/$L$23) 
12 4 -IF{ISBLANK{E12),-,SL$52+$LSS3•c12+$LS54•o12) - IF(ISBLANK{E12),- ,G12-SUM{SG$9:$G$28)/$L$23) 
13 5 -.. ·,-13),-.SLSS2+$LS53"C13+$LS54'D13) •It-< • .. ,- 13), - ,G 13-SUM(SG$9:SGS28)/$LS23) 
14 6 -lt-(1c,t>LAl'<"(l::14),-,$L$52+$LS53"l;14+:!i~ U14J ••n AO .. ,-14J,-,m4-suM<M>$9:SuS28JtSLS23l 
15 7 -IF(ISBLANK(E15J,-,SL$52+$L$53'Ct5+$L$54'O15) -IF{ISBLANK(E 15),-,G15-SUM($G$9:SG$28)/$L$23) 
16 8 -IF(ISBLANK(E16),-,$L$52+$L$53'C16+SL$54'O16) -IF(ISBLANK(Et6),- ,G16-SUM($G$9:SG$28)1SL$23) 
17 9 -IFUSBLANK(E17),-,SL$52+$L$53'C17+SL$54'O17) -IF(ISBLANK(E17),- ,G17-SUM(SGS9:SG$28)/SL$23) 
18 10 -IF{ISBLANK(E18),-,SL$52+SL$53'C18+$L$54'O18) -IF(ISBLANK{E18),- ,G18-SUM($G$9:$G$28)/SL$23) 
19 11 -IF(ISBLANK(E19),-,$L$52+$L$53'C19+SL$54'O19) - IF(ISBLANK(E19),-,G19-SUM($G$9:$G$28)1SL$23) 
20 12 -IF(ISBLANK(E20),-,SL$52+SL$53'C20+SL$54'020) -IF(ISBLANK(E20),- ,G20-SUM($G$9:$G$28)/SLS23) 
21 13 -IF(fSBLANK(E21 ),- .SL$52+$L$53' C21+$L$54.D21) -IF(ISBLANK{E21 ),- ,G21-SUM(SGS9:$G$28J/SL$23) 
22 14 •lt-(ISl:lL.ANl\(1::221,- ,$L$52+$LS53' C22+$LS54'O22) .IH .,- 22),-,u22-SUM(~$9:$l»28)/SLS231 
23 15 -IF(ISBLANK(E23),- ,SLS52+SL$53'C23+$L$54' 023) -IF(ISBLANK(E23),-,G23-SUM{SG$9:SG$28)JSLS23) 
24 16 -IF(ISBLANK(E24),-.SL$52+SL$53'C24+$L$54' D24) -IF(ISBLANK(E24),-,G24-SUM($G$9:$G$28)/$L$23) 
25 17 -IF(ISBLANK(E25), -,$L$52+SL$53" C25+SLS54"O25) .)F(ISBLANK(E25),-,G25-SUM(SG$9:SG$28)/SL$23) 
26 18 -IF(ISBLANK(E26),-.SL$52+$L$53'C26+SL$54'D26) -IF(ISBLANK(E26),- ,G26-SUM(SG$9:$G$28J/SL$23) 
27 19 -IF(ISBLANK(E27),-,$L$52+$L$53.C27+SL$54"D27) -IF(ISBLANK(E27),- ,G27-SUM(SG$9:SG$28)/SLS23) 
28 20 -IF(ISBLANK(E28),-,$L$52+$L$53'C28+$L$54'028) -IF(ISBLANK(E28),- ,G28-SUM(SG$9:$G$28l/SL$23) 
29 
30 
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I J 

Residuals 
(Observed - Predicted) 

-·~· ~ . ., 9l,-,l:9-G9) 
-IF(ISBLANK(E10),-,E10-G10) 
- IF{ISBLANK(E1t ),-,E11-G11 ) 
-IF(ISBLANK(E12),-,E12-G12) 
. l ~l'~M• nN• (E13), .. ,E13-G13) 

•It-' (t::14J,-,1::14-u 14J 
-IF(ISBLANK(Et 5),-,E15-G 15) 
-IF(ISBLANK(E16),-.E16-Gt6) 
-IF(ISBLANK(E17),-,E17-G17) 
- IF{ISBLANK(E18),-,E18-G18) 
-IF(ISBLANK(E19),-,E19-G19) 
-IF(ISBLANK(E20),-,E20-G20) 
-IF(ISBLANK(E21),-,E21 -G21 ) 
-It-(1Sl:lLANl\(E22),-,E22-t.;;2"~1 
-IF(ISBLANK(E23),-,E23-G23) 
-IF(ISBLANK(E24),-,E24-G24) 
-IF(ISBLANK(E25),-,E25-G25) 
-IF(ISBLANK(E26),-,E26-G26) 
-IF(fSBLANK(E27),-,E27-G27) 
-IF(ISBLANK(E28), -,E28-G28) 
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Figure A-1 . Spreadsheet Used for the Trend-Surface Analysis with Formulas Displayed 
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Trend-Surface Analyses 
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The appendix contains the trend-surface analysis spreadsheets for 216-B-3 Pond, 216-S-10 Pond & Ditch, 
WMA S-SX, and WMA U. Each spreadsheet documents the wells and hydraulic heads used in the 
analysis . The trend-surface analysis spreadsheet itself is documented in Appendix A. 
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Figure B-1. Trend-Surface Analysis Spreadsheet for 216-B-3 Pond 
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Flgure B-2. Trend-Surface Analysis Spreadsheet tor 216-S-10 Pond & Ditch 
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Figure B-3. Trend-Surface Analysis Spreadsheet for WMA S-SX Tank Farms 

... 
.,_.,. -.... -. - ·- .. --

-<1071 o ... 
.. _ 

t .-.r,o:] 

-<J.OOI ..... \olr ... 0.-,~)' I0.2 
-0171 -0-025 
0.001 0.01' - MOVA 
0 .001 oo,, V• .. ...... ~ - .. F-tNI P.V-
0121 -<J.m2 

~otf11(~ 
o ... - 0-- 2 "~21243 102.°'34664 2.t:rlO:Jf-01 

.(UN -0002 0'1 - D.0311)1233 1 ·-· -0.111 ....,, uwild : o ... .... o.-n, " 
-0 143 T.-?- ·--<I- .o.o92 
0217 0007 - - ,.._ 
03'1 -0J)59 . "" ., 0 02:93S l '2fl ....... IOR . 0.056n2601 

IOR Fac:aor.. , .. 
- v-· .0,11 , ........ _, 

v ... ; 0 11, 

!li.l - M ~f-lt,ads"'7 

&n 01 Pr«klld "-di 
SumOI Predie:ltd~· 

S6l: 

---~(£q.aaon5.lllrl0 .... 20QZ> 

.. ~ 

15"'577Ql8 . . 12 , ,_,. , bl ,,. 
201lt!IOS.SU 11416,4~. ,2 2. f• 11 .. ......... ~ 

........... .. 
o, ,-,-...~fZ - ,. b lll • D2YJ 

.... 1ZO.N7.U3 .. ... s ,1,~os 

-· ION f.O Plaftew•.Do. w•••• 1 th -02C: • I 

0c OODl958:M7 .. -5 471lf-OI! 

"' I - ... , 

~- ... .. 
"' -.. 
"' - ... 1016007 

l fW40Adrtrll?"IND " , ..... .. ,.,- .. 



ECF-HANFORD-1 2-0061, 
REV. 0 GROUNDWATER HYDRAULIC GRADIENT AND VELOCITY CALCULATIONS FOR 200 EAST AREA RCRA SITES IN 2011 

Figure B-4. Trend-Surface Analysis Spreadsheet for WMA U Tank Farm (3/3012011) 
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Figure B-5. Trend-Surface Analysis Spreadsheet for WMA U Tank Farm (July 2011) 
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Appendix C 

Flow Rate Calculations 

This appendix documents the flow rate calculations. The spreadsheet used for the calculations can 
determine minimum and maximum flow rates using minimum/maximum hydraulic conductivity values 
and minimum/maximum effective porosity values. Where only one flow rate is calculated, the minimum 
and maximum values in the spreadsheet are the same. 

Figure C-1 shows the spreadsheet used for the calculations with formulas displayed. The RCRA site name 
is in column B and the hydraulic gradient magnitude is in column C. The minimum and maximum 
hydraulic conductivity values are in columns D and E, respectively. The minimum and maximum 
effective porosity values are in columns F and G, respectively. If an effective porosity was not provided 
for a given site, a range of 0.1 to 0.3 was assumed. The flow rate calculations, using Equation 11, are 
performed in columns H and I. In column H, a minimum flow rate is determined using the minimum 
hydraulic conductivity and the maximum effective porosity. In column I, a maximum flow rate is 
determined using the maximum hydraulic conductivity and the minimum effective porosity. 

Figure C-2 shows the spreadsheet with calculation results displayed. 
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Figure C-1. Spreadsheet for Flow Rate Calculations (with Formulas Displayed) 

Flow Rate C:akubtions 

Gradle_nt Kminimum Kmuim m 
neminimu lmLm 

vmlnrnum vmaximum 
e 

(m/m) (m/d) (m/d) 
nem 

(m/d} (m/d) 

21&-A-290itch 0.000022 18 18 0.1 0.3 • 04•(C4)/G4 • E4 •C4/F4 

2 l &-A-368 Cnb 0.000022 18 3000 0.1 0.3 • DS•(CS)/GS • ES •CS/FS 
21&-A-37-1 0-.b 0.000022 18 3000 0.1 0.3 • D6•(C6)/G6 •E6•C6/F6 
21&-B-3 Pond 0.0013 l 1 0.2S 0.25 • D7"{C7)/G7 • E7 ' C7/F7 
21&-S.-10 Pond & D,tc.h (best) 0.0025 10.4 10.4 O.lS 0.15 • D8•(CS)/G8 l• ES •C8/F8 
21&-s.-10 Pond & Ottch (ran11e) 0.0025 2 42.7 0 .1 0.2 • D9•(C9)/G9 ,.e9•e9/F!l 

IDF 0.000022 6S 7S 0.1 0.3 • D 10 • (Cl 0)/G 10 ,.-eio· c101no 
LE:RF 0.0002& 36.2 39.8 0.1 0.1 • DU • (Cll)/GU • Ell"Cll/Fll 
WMAS-SX(best) 0.00196 6.1 6.1 0 .12 0.12 a.0 12•(C12)/G l.2 • El 2"CU/F12 
WMAS.-SX(range) 0.00196 1.33 14.4 0.09 0.2 • D13•(Cl3)/Gl3 ,,.n 3•cu/FU 

WMAU(best) 0.00213 6.1 6.1 0.17 0.17 • D14' {Cl 4)/G14 • E14 . C14/F14 

WMAU (ranie) 0.00213 1.69 9.S 0.1 0.2 • DlS ' (ClS)/G lS • ElS"ClS/FlS 

Figure C-2. Spreadsheet for Flow Rate Calculations (with Results Displayed) 

Flow Rate cakulatlons 

Site 
Gradient Kminimum Kmaximum 

neminimum f em ~mu3 
vminimum vmaximum 

(m/m) (m/d) (m/d) Im/di (m/d) 

216-A-29 Ditch 2.20E--05 18 18 0.1 0.3 0.001 0.004 
216-A·368 Crib 2.20E--05 18 3000 0.1 0.3 0.001 0.66 
216-A·37·1 Crib 2.20E-05 18 3000 0.1 0.3 0.001 0.66 
216-8-3 Pond 1.30E--03 1 1 0.25 0.25 0.0052 0.0052 
216-S-10 Pond & Ditch (best) 2.SOE--03 10.4 10.4 0.15 0.15 0.17 0.17 
216-S-10 Pond & Ditch (range) 2.SOE--03 2 42.7 0.1 0.2 0.025 1.1 
IDF 2.20E-05 65 75 0.1 0.3 0.005 0.02 
LERF 2.80E-04 36.2 39.8 0.1 0.1 0.1 0.1 
WMA S-SX (best) l .96E--03 6.1 6.1 0.12 0.12 0.10 0.10 
WMA S·SX (range) 1.96E--03 1.33 14.4 0.09 0.2 0.013 0.31 
WMA U (best) 2.13E-03 6.1 6.1 0.17 0.17 0.076 0.076 
WMA U (range) 2. 13E--03 1.69 9.5 0.1 0.2 0.018 0.20 
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Hanford Information Systems Inventory 
Information for the HydroDat Database 

PAGE 31 OF 38 

This appendix contains the Hanford Information System Inventory (HISI) documentation for the 
HydroDat database. 
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HISI ID: 2009 Acronym: HYDRODAT 

Last Updated: 05/07/2013 Core lnform.:1tion 

Acronym: HYDRODAT Title: HYDRODAT 

IHydroDat is a database of discrete hydraulic head measurements collected on the Hanford 

Purpose/Scope: Site and in selected offsi e areas. The information in HydroDa dates from 1948 o the present, 
and is the most comprehensive source of manual hydraulic head measurements for the 

!Hanford Site. 

Operational 
12/01/1 999 Status: Operational Support Level: 

D le: 

Owning CH2M HILL PLATEAU REMEDIATION COMPA Y on Hanford?: No 
Company: 

Base: Network - H LAN Type: 
Cus om Developed 
Software 

Date Owner 
Reviewed: 04/1 5/2013 Breadth Of Usage: Sitewide 

(Ccnnel, Cart N ' 

DateCIO 
No Required Number of Users: 50 

Approved Use: 

DateSME 
Approved Use: Uses Database?: Yes 

(Schatz, Aaron LI 

Comments: 

Configuration \ Configuration Mgt 
MKS 

ieroot HEIS\HYDRODA HYDRODAT.PJ 
Mgt Path: Approach: 

Home Page: 

Project ID for 
HYDRODAT SCRs: 

Cont.:1cts (Hanford) 

Type Pnmary? Name/Organization/Phone Email? 

Owner Manager Yes ION Yes 

Owner Manager No TION Yes 

Project Lead Yes Yes 

Projec Lead Yes Yes 

System Analyst No TION Yes 
37~5597 

System Analyst No TI0N Yes 

System Analyst Yes ON Yes 

Technical Lead Yes Yes 

Technical Support Manager Yes TION Yes 

Business Categories 

Environmental 
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Hanford lnterfac.es 

Input/Output Interface Frequency 

0 puts to DAT ACAP - Data Capture Application Real-time 

Receives from DAT ACAP - Data Capture Application Real-time 

Outputs to DaVE - Data Viewer and Evaluator Real-time 

Outputs to EDA - Environmental Dashboard Application Daily 

0 puts to HEIS - anford Environmen al Information System Daily 

Receives from HEIS - Hanford Environmental Information System Real-time 

Outputs to RDR - Request For Data Review Real-time 

Receives from RDR - Request For Data Review Real-time 

Outputs to VL - Virtual Library Daily 

External Interfaces to non-Hanford Applications (i.e., for other contracts, other networks, non-HLAN) 

Hosts 

Host Host Function Host 
Item Name 

Host OS Item Type 
Environment Item Description 

D elopmenl se 

SOl..-3 3 Production se 

sot-TST_n Dai se er Te W2K8 

Software 

Software Name Version Status Environment Software Type Location 

MIC OSOFT SOL SE R 10 (200 R2) Developmen DBMS IHost 

MIC OSOFT SOL SER R 10 ( 008 R2) Production DBMS Host 

MICROSOFT S L SER R 10 (200 ) Test DBMS Host 

Non-Hanford Contacts 

Version Description 

Version Update Number: 1.0.3 

Software Number: 

Fix to Gyroscopic Correction Rounding 
Change Summary: 

The Gyroscopic Correction needs to be rounded to two places prior to performing the 

Change Description 
calculations. The field CORRECTION in tbl _ ydraulicHead also needs to be rounded 

Detail: 
to two places. 
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Affected Change 
SCR # 10 

Requests: 

I No impac to curren users. 
Impact Of Change: 

inimum Client IN/A 
Resource 

Requirements: 

Minimum Host Resource 
IN/A 

Requirements: 

WatlvSched.mdb, tbl_StandardCorrection, tbl_StandardCorrection_J, 

System Components: 
GYROSCOPIC_ CORRECTION 

Backup and Recovery 
Recover from bac ups and MKS 

Procedure: 

Implementation Start 03/1 1/2011 / 8:00 am Date / Time: 

Implementation End 
03/1112011 I 8:30 am Date / Time: 

The users will be notified via email. 
Communication Plan: 

Version Type: Minor - User Interface/Report changes, Limited number of users , bug fix, etc. 

Version Comments I 
Additional Information: 

Referenced Documents 

Legacy system. Existing documentation in: 
Functional Reqwrements sieroo HEI YDRODAT/Documen ation folder in KS 

Definition 

Alternatives Analysis 

H F-28242 EIS Software Managemen Plan (HEIS/309 _ GE DOC SMP -
fo lder in MKS 

Software Management Plan 

H F-28242 EIS Software Managemen Plan (HEIS/309_GE - DOCS/S p 
Software Configuration folder in MKS 

Management Plan 

IN/A 
Acquisition Documents 

Legacy system. Existing documentation in: 
Software Requirements sieroo HEI YD RODA T /Documentation folder in MKS 

Specification 
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legacy system. Existing documenta ion in: 

Software Design Descnptlon 
sieroo HEIS/HYDRODAT/Documen ation fo lder in KS 

Requirements Traceability 
Matrix 

located in sieroo HEIS YDRODAT/Documention/QA folder in KS 
Code Walkthrough 

IN/A 
User Documents 

Unit Testing 

Test Plan And Cases 

located in sieroo HEIS YDRODAT/Documention/QA folder in KS 
Acceptance Test Report 

Contingency Plan 

IN/A 
Software Installation Plan 

User Qualification 

IN/A 
User Training 

Operational Testing 

Change Request / Problem 
SCR 10 

Report 

Retirement Plan Checkhst 

Other Documents 

Version SubmittaVApproval Status 

Action Date By Version Previous Previous Previous 
Date By Version 

Smed 08/24/2012 Cainel , Cru1 W 1.0.3 03/02/2011 Carr, Jennifer S 1.0.3 
swmrtted 00/02/2011 Corr, Jenmer S 1.0.3 
Appro·,ed By C>Nner 03/02/20 I 1 ConneU, Cart W 1.0.3 
Appro\ed By 5ME 03/02/2011 Sch;Jtz, Aaron L 1.0.3 
Approved By CIO NIA NIA 
Approved By PRRB 03/03/2011 Ibsen, Thanas G 1.0.3 
lmplememed 03/06l2011 Carr, Jennifer S 1.0.3 

Software Grading Checklist 

So are Grading Checklist 
Question# Question Yes No 

Is the Software Safety Sonware? 

S1 . Is the so re Safety System So are? Software for a nuclear facility that perfonns a 
safe function as part or an sys em, struc ure, or component (SSC) and Is cited in 
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either (1) a DOE approved docllmen ed sate an sis or (2) an appro ed hazard 
analysis per DOE P 450 . • ·safe Management System Poli da ed 10-15-96, and 
the DEAR Clause. 

S2. 

S3. Is the re sarety anaqemen and AdministratiVe controls software? so re 
that performs a hazard control function in support of nuclear facilf or radiological sare 
managemen programs or Technical Safety Req ·rements or other so re that 
performs a control function necessary to proVide adequate pro ection from nudear 
facili or radioloQlcal hazards. This so re supports - ·naung, limiting, or mitlQa ·ng 
nudear hazards 1o ers, the pu c, or the en · onmen as addressed in 10 CFR 
830, IO CFR 835, and the DEAR IS S clause. 

1. Could so ~re ra·Iure compromise a limiting condi ion of operation? 

2. Could so ~re f ·Iure cause a reduction in the safe margin for a safe SSC Iha is 
c· ed in DOE appro ed documen ed safe ana sis (DSA ? 

3. Could so re f ·Iure cause a reduction In the safe margin for other systems such as 
toxic or chemical protection sys ems tha are cf ed in either (a) DOE appro ed 
documented safe analysis or (b) an appro ed hazard ana sis per DOE P 450.1, 
"En ironmen Saf , and He th Policy for the Departrnen Energy complex· and 
the DEAR IS 'IS clause? 

4. Could so re fa-lure result non-conserva ve sare sis, design, or 
misclassification of facilities or SSCs? 

5. Is the sortware a safe managemen database used o aid in decision ma Ing rvtlose 
failure could impact safe SSC operation? 

6. Could sottware f ·Iure result in incorrect ana sis, design, monitoring, alarm·ng, or 
recordlng of hazardous exposures to orkers or public? 

9. Could so 
s stems? 

10. Could so re failure affect the sare operation of a SSC? 

11. Is this so re used to support faar protection (i.e., secwtty, fire, e c.) or determine, 
display, or implement emergency actions? 

12. Does he so re perform nudear material , hazardous chemical, or waste inven ory 
trac Ing and/or accountab 

13. 

15. e used to engineer, analyZe, or calculate general service facir equipment 
or configurations? 

16. Is this so re used to determine, select, or evalua e remedial ctions for cleanup of 
contam·nated s! es or facilities? 

17. Would a disruption of service, or so re error or failure, resul in costs greater han 
100K to resol e? 

18. Is so are lifecycle cost through the first year of maintenance greater th n 250K? 
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19. 

controlled use Exempllons 

E3. Exemption 3 - statutory Exemption Delini 'on: Exemption 3 is for infomiation Iha is 
expr · y prohibited from disclosure, gene by federal la . Basing an OUO 
detemiination on Exemption 3 is ery complex. Therefore, use of this exemption for 
Export controlled Information {ECI) mus be re ·ewed b an ECI Re ie er, a other 
Exemption 3 info.mia ·on should be revie ~ed by Legal Seivices. 

PAGE 37 OF 38 

E4. Exemp ion 4 - Commercia Proplietary De ni ion: Exemp ion 4 addresses trade secrets 
and commercial or financial informa · n tha the Federal government has ob ained from 
persons or commercial entities and Iha is pri ileged or con dential. This exemp ·on is 
in ended to pro eel both the · terests o the government and persons submitting 
informalion to the govemmenl 

ES. Exemp ion 5 - Pri ileged lnfonna ion Delini on: Federal Go emment-genera ed 
information that would not be ava able by la other han through r ·gation, including 
letters. evaluations, plans, trade secrets, etc. are covered by Exemption 5. This 
exemption pm ects •intra-agency" and inter-agency" communica ·ons, ~ hich has been 
in erpreted by courts to indUde contractor privileged communica ·ons prepared under 
go errvnent directiOn or initia · e (e.g., go emment funded). 

E6. Exemp ion 6 - Personal Plivacy Defin ion: Exemp ion 6 pro eds personal information 
related o a spec· c indiVidual that. if disclosed, migh cause personal d·stress or 
embarrassmen 

E7. Exemp ion 7 - La Enforcement De · ion: Exemption 7 protects information compiled 
by an agency with the authori to enforce the la . I co ers information compiled for 
Im enforcement purposes regar ess o the fomiat of the informa ion or hm and vhere 
the informa ·on may be filed. 

Key Systems - cnuca Essential 

KC. Key Critical SO re. Is the application, data storage location (share area), or 

KE. 

Comments: 

telecommunica ·on service necessa to manage, morf or, and control during 
emergency and response si uations inducting na ural disasters, onsite unsafe 
conditions, re-establishing the safe vork en ironment, avoiding imminen violation of 
safe and environmental requiremen s, or restore securi systems when an al ernate 
Is not available? Requ res immed· e restore vithin 24 hours. 

SGC Concurrence 
SME Concurrence Date: 03f20J20 12 SME: Schatz, Aaron L 
CIO Concurrence Date: 03/20/2012 Concurrence: Nelson, Ronald L 

Reported As CPIC Investment 
comments or Additional Concurrences: 

Software LeveURisk 
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Measure Rating 
Business Category: Environmental 

sortware Type: Custom O.vel~ Software 
saretv sortware: No 

saretv sonware aassificalion. N/A 
Grading Level: 0 

Key System: NIA 
COntroffed Use: No 

Controled Use ExemptJons: 

Authorized Users 

Usage Log 

Cyber Security Information 

local Ad min Privileges Required To Install? 

local Admin Privileges Required To Operate? 

Risk Assessment Number (CSRM-10 ): 

Accreditation Boundary: 




